For any organism to have an immune system akin to that seen in mammals, the minimally required molecules are the antigen receptors (immunoglobulin and TCR), the antigen presentation molecules (MHC), and the gene rearranging proteins. The vertebrate taxon that shares the ancestor most distantly related to mammals in which this minimal prerequisite has been found is the cartilaginous fish. In the 1980s, genes that encode immunoglobulins were first isolated from the homed shark (1). Like all other immunoglobulin genes, the shark homologues undergo rearrangement. Interestingly, the organization of gene segments within the shark genome differed markedly from that of mammals (for a model, see Fig. 3 ). While the subgenic elements that comprise the functional, rearranged immunoglobulin gene are called V, D, J, and C (though some loci lack D segments), shark immunoglobulin loci consist of tandem arrays of V, D, J, and C segment clusters, resulting in the number of copies of each segment in the genome being equal (2). In contrast, the mammalian genomes contain a pool of V regions found upstream of several D and then several J segments with usually a single 3' C region (Fig. 2) . The mechanism and driving force behind such a maijor reorganization of these gene loci during vertebrate evolution remains perplexing.
An understanding of the evolution of vertebrate immunity is slowly emerging from studies of chordates that share distant ancestors with mammals. In higher vertebrates, such as birds and mammals, we know that two receptor systems are operative. B cells use immunoglobulins to bind foreign agents (the functionally defined antigens). T cells use T-cell receptors (TCRs) to respond to antigen in the form of processed peptides bound to cell surface proteins encoded in the major histocompatibility complex (MHC) . Thus, for T cells, two receptor molecules are required for recognition of antigen. First, the MHC molecule on the infected cell binds the processed antigenic peptide; second, the TCR binds the MHC molecule-antigenic peptide complex (for a model, see Fig. 1 ).
MHC molecules were first described as transplantation antigens. It For any organism to have an immune system akin to that seen in mammals, the minimally required molecules are the antigen receptors (immunoglobulin and TCR), the antigen presentation molecules (MHC), and the gene rearranging proteins. The vertebrate taxon that shares the ancestor most distantly related to mammals in which this minimal prerequisite has been found is the cartilaginous fish. In the 1980s, genes that encode immunoglobulins were first isolated from the homed shark (1) . Like all other immunoglobulin genes, the shark homologues undergo rearrangement. Interestingly, the organization of gene segments within the shark genome differed markedly from that of mammals (for a model, see Fig. 3 ). While the subgenic elements that comprise the functional, rearranged immunoglobulin gene are called V, D, J, and C (though some loci lack D segments), shark immunoglobulin loci consist of tandem arrays of V, D, J, and C segment clusters, resulting in the number of copies of each segment in the genome being equal (2) . In contrast, the mammalian genomes contain a pool of V regions found upstream of several D and then several J segments with usually a single 3' C region (Fig. 2) . The mechanism and driving force behind such a maijor reorganization of these gene loci during vertebrate evolution remains perplexing.
More recently, evidence for all three types of MHC loci that are found in higher vertebrates (class I, class IIA, and class IIB) has been documented in the shark (3) (4) (5) In a recent issue of this journal, Rast and Litman (8) report the isolation of a cDNA clone that appears to encode a functional, rearranged TCR. They also isolated several V regions that display significant sequence diversity. By analyzing genomic clones, they found that the germ-line genes are unrearranged and appear to be organized in multiple clusters in the same manner as shark immunoglobulin genes. In mammals, both TCR and immunoglobulin genes are arranged similarly, as described above.
The isolation of shark TCR homologues emphasizes the importance of several questions. (i) When 
